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 ANALYSIS OF MAIZE (ZEA MAYS SUBSP. MAYS) POLLEN:
 NORMALIZING THE EFFECTS OF MICROSCOPE-SLIDE
 MOUNTING MEDIA ON DIAMETER DETERMINATIONS
 ANDREW SLUYTER
 Department of Geography
 The Pennsylvania State University
 302 Walker Building
 University Park, PA 16802
 Abstract
 Maize (Zea mays subsp. mays) dominates the record of prehistoric
 agriculture in the Neotropics. Nonetheless, many significant
 questions of Zea systematics and evolution persist. Palynology
 provides a record central to addressing those questions, but
 determining pollen grain diameter remains a significant method-
 ological issue: diameter is a key characteristic in identification,
 and diameter seems to be space-time dependent - the latter
 phenomenon but little understood. One issue in analyzing diam-
 eter is the confounding effect of microscope-slide mounting
 media. This study provides correction factors to normalize diam-
 eter among silicon oil, glycerine jelly, and acrylic resin (du Pont
 Elvacite), the last coming into increasing use without previous
 study of its effect on pollen grain size.
 INTRODUCTION
 Despite the importance of maize (Zea mays subsp. mays)
 in the prehistoric agriculture of the Neotropics (Cowan and
 Watson, 1992) and the perseverance of palynologists, iden-
 tification of fossil maize pollen persists as a methodologi-
 cal issue and remains far from straightforward. Standard
 approaches rely on the large size of maize pollen vis-a-vis
 most other grass (Poaceae) taxa. However, overlaps among
 the size ranges of maize and closely related taxa as well as
 the putative time dependency of maize pollen size (Galinat,
 1961) demand identification through size-frequency analy-
 sis (Buell, 1946; Sluyter, 1995) rather than the vague, but
 all too common, reliance on "several large Poaceae grains."
 Accurate size determinations are a corollary to the size-
 frequency method, but accuracy remains problematic be-
 cause microscope-slide mounting media differentially af-
 fect pollen diameter by as much as 10%, enough to con-
 found differentiation of maize and closely related taxa. In
 some cases, those methodological issues have resulted in
 long-running controversies over the identification of fossil
 maize pollen and the origins, dispersals, systematics, and
 phylogeny of Zea (Barghoorn et al., 1954; Mangelsdorf et
 al., 1978; Beadle, 1981; Iltis, 1983).
 Size-frequency analysis of fossil maize pollen, and there-
 fore this methodological study, pertain more to the
 Neotropics than to the temperate Americas. The Southwest
 region, for example, typically has not yielded prehistoric
 maize pollen in high enough concentrations or with suffi-
 ciently good preservation to permit effective use of size-
 frequency analysis (Martin and Schoenwetter, 1960). In
 contrast, the high concentrations and good preservation of
 prehistoric maize pollen in records from Middle America
 has encouraged use of size-frequency analysis (Byrne and
 Horn, 1989; Straka and Ohngemach, 1989; Sluyter 1995).
 Moreover, although some records from the Southwest do
 have high concentrations and good preservation of prehis-
 toric maize pollen (Sluyter, 1991), the ranges of closely
 related taxa which produce pollen close in size to maize do
 not extend into temperate latitudes and the need for size-
 frequency analysis is not as great as in the Neotropics.
 This study contributes correction factors for the normal-
 ization of diameter determinations among mounting media
 in order to facilitate size-frequency analysis, maize pollen
 identification, and comparisons among records. Previous
 studies have addressed the characteristics of silicone oil
 and glycerine jelly; this study is the first to include acrylic
 resin (du Pont Elvacite), a medium increasingly coming
 into usage among palynologists (D. W. Engelhardt, written
 commun., 1993; Wrenn, 1996).
 Palynology, 21 (1997): 35-39
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 MAIZE POLLEN ANALYSIS
 Maize pollen morphology typifies all grass taxa:
 subspheroidal, monoporate, annulate, and essentially psilate
 to scabrate under light microscopy (Kapp, 1969; Bassett et
 al., 1978). Schemes to conclusively differentiate maize
 pollen by exine sculpturing (Irwin and Barghoorn, 1965;
 Tsukada and Rowley, 1964) or the ratio of annulus diam-
 eter to grain diameter (Barghoorn et al., 1954) have failed
 to yield consistently reproducible results and do not dis-
 criminate between maize and the teosintes (Zea perennis,
 Zea mays subsp. parviglumis, Zea spp.) (Kurtz et al., 1960;
 Whitehead and Sheehan, 1971; Grant, 1972; Doebley and
 Iltis, 1980; Iltis and Doebley, 1980; Ludlow-Wiechers et
 al., 1983; Straka and Ohngemach, 1989; Fearn and Liu,
 1995).
 Therefore, major diameter has emerged as the single
 credible differentiating parameter, maize pollen attaining a
 greater maximum size than that of any other grass taxon.
 Based on acetolyzed pollen from twelve Mexican landraces
 mounted in silicone oil, maize has a major diameter of 58-
 99 gLm (Whitehead and Langham, 1965). Other studies
 have yielded similar ranges; although some non-Mexican
 varieties attain major diameters of ca. 120 gLm (Ludlow-
 Wiechers et al., 1983). Problematically, the other species
 and subspecies of Zea (Doebley and Iltis, 1980; Iltis and
 Doebley, 1980) have a major diameter range of 46-87 gm,
 based on acetolyzed pollen from eleven teosinte taxa
 mounted in silicone oil (Whitehead and Langham, 1965),
 which overlaps that of maize. Moreover, Galinat (1961)
 provides an empirical and theoretical argument that early
 maize might have produced teosinte-sized pollen - which
 consequently would overlap with the upper range of yet
 another Neotropical grass: Tripsacum spp. (33-57 glm,
 based on acetolyzed pollen from gama grass [T. dactyloides]
 mounted in silicone oil [Whitehead and Langham, 1965]).
 The resulting opportunity for confounding maize, te-
 osinte, and Tripsacum fossil pollen when employing maxi-
 mum-size criteria alone, demands analyses of the fre-
 quency distributions of the major diameters of large grass-
 pollen grains occurring in stratigraphic sequence - both to
 definitively distinguish between taxa and to test Galinat's
 (1961) hypothesis that maize pollen diameter increases
 with time. Buell (1946) provides the classic application of
 the size-frequency comparison, applied to pine (Pinus
 spp.); Byrne and Horn (1989), Straka and Ohngemach
 (1989), and Sluyter (1995) apply the method to maize.
 Size-frequency analysis, however, and comparisons
 among records and with the characterizing diameter ranges
 of extant taxa (Whitehead and Langham, 1965), relies on
 accurate measurement - a goal complicated by the effects
 of taphonomic context, pollen preparation, and micro-
 scope-slide mounting media. Taphonomic context influ-
 ences pollen size - apparently (Andersen, 1960;
 Praglowski, 1966); however, the paucity of data and theory
 precludes evaluation or further discussion. Preparation
 technique also affects size, but the "acetolysis method"
 (Faegri nd Iversen, 1975) does not introduce bias if
 applied for four to eight minutes (Christensen, 1946;
 Reitsma, 1969), and its near ubiquity among Quaternary
 palynologists facilitates comparison among records. Mount-
 ing media, in contrast, remain varied and can significantly
 affect size. Silicone oil is a potential standard medium
because it preserves the true dimensions of pollen grains
 (Anderse , 1960; Faegri and Iversen, 1975) and has served
 to characterize the major diameters of maize, teosinte, and
 Tripsacum (Whitehead and Langham, 1965). However,
 since silicone-oil slides require horizontal storage and
 careful transport, palynologists regularly employ several
 other media. Among them, glycerine jelly enjoys a long
 tradition and continuing popularity even though slides can
 deteriorate within decades (Andersen, 1960; Faegri and
 Iversen, 1975). Glycerine jelly also distends pollen grains
 progressively over time - probably due to exine softening
 and pressure of the cover-slip as the medium desiccates and
 shrinks (Cushing, 1961; Whitehead and Sheehan, 1971).
 The time dependency of this "Cushing effect" might ex-
 plain why correction factors to normalize measurements
 made on glycerin-jelly slides to silicone oil vary so widely
 among studies: 0.8 (Faegri and Iversen, 1975) to 0.94
 (Whitehead, 1965). Acrylic resin is becoming increasingly
 popular due to its permanence and transportability but its
 effects on pollen size have not previously received study.
 METHODS
 The following analysis, therefore, employed silicone oil
 (Dow Coming 200 Fluid, 2,000 centistokes viscosity),
 acrylic resin (du Pont Elvacite 2044), and glycerine jelly
 (Anderson Laboratories, lot GO-20, melting point 33'C) in
 order to establish correction factors. Acetolysis preparation
 of modern maize pollen (Greer Laboratories, lot 53W149-
 8) for four minutes and subsequent staining with Safranin-
 O (Kodak Cl 50240) provided the material to make one
 microscope slide with each medium. The acetolysis, sili-
 cone oil, and glycerine jelly methods followed Faegri and
 Iversen (1975). The acrylic resin method derives from D.
 W. Engelhardt (written commun., 1993), as follows.
 Acrylic resin is nontoxic, "permanent," places all of the
 pollen in one focal plane, minimizes sorting by pollen size,
 and has an appropriate index of refraction. Prepare the
 acrylic resin by adding 80 g to 165-170 ml of xylene; turn
 the bottle to dissolve and allow to settle for two days;
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 transfer the solution to an amber dropper bottle. Prepare the
 hydroxyethyl cellulose carrier (Union Carbide Cellosize
 WP3H) by adding 1 g to 100 ml of distilled water; stir over
 low heat until dissolved; add several drops of phenol; filter
 the solution into a dropper bottle. To prepare slides, place
 one drop of carrier on a cover-slip; add one drop of washed
 pollen residue; thoroughly mix the two and distribute the
 pollen over the cover-slip to within several millimeters of
 its edge; completely evaporate the carrier on a slide warmer
 set at ca. 300C; place a large drop of acrylic resin on a slide;
 slowly (to minimize air bubbles) lower the cover-slip into
 place; leave the slide on the slide warmer overnight in order
 to cure the acrylic resin and disperse any air bubbles;
 remove any excess acrylic resin with a razor blade.
 Measurement of the major diameters of fifty relatively
 uncrumpled grains on each slide employed an ocular grati-
 cule for an initial measurement one day after slide prepara-
 tion and a subsequent measurement thirty days after. The
 relatively normal distributions (e.g., the mean, median, and
 mode of silicone oil at one day after measurement are all
 equal to 91 gim, with 62% of the measurements falling
 within +?l and 94% within ?20) and small sample sizes
 relative to populat on dictated t-tests to estimate the statis-
 tical signif cance of inter-sample variation and the veracity
 of the correction factors.
 RESULTS
 Table 1 presents the esults of those m asurements and
 the derived correction factors. Silicone oil is stable over
 time. Acrylic resin distends grains within one day by ca.
 10%, with subsequent stability. Glycerine jelly progres-
 sively distends grains over time, within one day by ca. 10%
 and after thirty days by ca. 15%. Andersen (1960) had
 similar results with glycerine jelly: immediate distension
 by ca. 10%, and after thirt  days by ca. 20%. Multiplication
 by a correction factor (the ratio of the means) normalizes
 the fr quency distribution of each sample to that of silicone
 il. For example, a transformation of sample 3 to sample 5
 (all 50 measurements normalized to silicone oil through
 multiplication by 0.91) yields a probability value (P) of
 TABLE 1. Effects of mounting media on major diameter parameters of modem maize pollen and correction factors for
 normalization to the silicone oil standard.
 Sample Mounting Time to Major diameter parameters t-Test t-Test
 number medium meas- pair 2-tailed
 and correc- urement Count Mean 1 s sample
 tion factor (days) (each) (mm) (mm) numbers (P)
 1 silicone 1 50 91.0 ?5.2 - -
 2 silicone 30 50 91.2 ?4.6 1 and 2 0.8598
 3 acrylic 1 50 99.6 ?7.0 1 and 3 0.0001
 4 acrylic 30 50 99.1 ?7.1 3 and 4 0.7663
 5 acrylic (x 0.91) 1 50 90.6 ?6.4 1 and 5 0.7171
 6 acrylic (x 0.91) 30 50 90.2 ?6.4 1 and 6 0.5123
 7 glycerine 1 50 98.7 ?4.5 1 and 7 0.0001
 8 glycerine 30 50 102.8 ?3.5 7 and 8 0.0001
 9 glycerine (x 0.92) 1 50 90.9 ?4.1 1 and 9 0.8579
 10 glycerine (x 0.89) 30 50 91.0 ?3.1 1 and 10 0.5317
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 72% between samples 1 and 5, thus indicating no signifi-
 cant differences vis-h-vis silicone oil. The other correction
 factors achieved similar probability values: acrylic resin,
 time independent = 0.91; glycerine jelly, 1 day = 0.92, 30
 days = 0.89 (Table 1).
 DISCUSSION AND CONCLUSIONS
 Therefore, if practicable, silicone oil is the preferable
 medium, yielding data directly comparable to the silicone
 oil standard (Whitehead and Langham, 1965) and offer-
 ing stability over time. Acrylic resin offers stability as
 well, and a consistent correction factor of 0.91, at least for
 as many as 30 days after slide preparation. However, both
 silicone oil and acrylic resin somewhat tend to crumple
 maize pollen, perhaps due to their high viscosities, as well
 as the single aperture, large size, and thin exine of the
 pollen (Praglowski, 1966). Yet silicone oil advantageously
 permits manipulation of pollen during microscopy, ame-
 liorating the constraints of grain crumpling and non-
 equatorial orientation on measurement (Andersen, 1960;
 Whitehead, 1961). Glycerine jelly, which has a low vis-
 cosity while molten during slide preparation, minimizes
 crumpling but over time progressively distends pollen
 grains. Note, however, that while glycerine jelly mini-
 mized crumpling in the current study, Praglowski (1970)
 found that glycerine jelly with a 640C melting point
 "badly collapsed" 61% of larch (Larix decidua) grains
 and that glycerine jelly with a 420C melting point had the
 same effect on only 32% of the same species, one similar
 in size and morphology to maize but inapeturate. Given
 the 330C melting point of the glycerine jelly in the current
 study, Reitsma (1969) inspires a possible explanation by
 noting that "hot" glycerine causes a significant increase in
 pollen size, an effect possibly related to exine softening
 and thinning that would also promote crumpling, particu-
 larly for inapeturate pollen but also for the monoporate
 grains of Poaceae.
 In sum, for palynological studies concerning maize and
 which employ acrylic resin, silicone oil, or glycerine jelly,
 the correction factors in Table 1 facilitate identification and
 comparison with other records. Nonetheless, the instability
 of glycerine jelly demands measurement immediately after
 slide mounting. Alternatively, simultaneous preparation of
 a control slide with modern maize pollen of known size
 parameters can subsequently serve to normalize measure-
 ments taken from the glycerine jelly slides.
 References Cited
 ANDERSEN, S.T.
 1960 Silicone oil as a mounting medium for pollen grains.
 Danmarks Geologiske Undersogelse, ser. 4, 4: 1-24.
 BARGHOORN, E.S., WOLFE, M.K., and CLISBY, K.H.
 1954 Fossil maize from the Valley of Mexico. Botanical
 Museum Leaflets, Harvard University, 16: 229-240.
 BASSETT, I.J., CROMPTON, C.W., and PARMELEE, J.A.
 1978 An atlas of airborne pollen grains and common
 fungus spores of Canada. Biosystematics Research
 Institute, Ottawa, 321 p.
 BEADLE, G.W.
 1981 Origin of corn: Pollen evidence. Science, 213: 890-
 892.
 BUELL, M.F.
 1946 Size-frequency study of fossil pine pollen compared
 with herbarium-preserved pollen. American Journal
 of Botany, 33: 510-516.
 BYRNE, R., and HORN, S.P..
 1989 Prehistoric agriculture and forest clearance in the
 Sierra de los Tuxtlas, Veracruz, Mexico. Palynol-
 ogy, 13: 181-193.
 CHRISTENSEN, B.B.
 1946 Measurement as a means of identifying fossil pollen.
 Danmarks Geologiske Undersogelse, ser. 4, 3: 1-23.
 COWAN, C.W., and WATSON, P.J.
 1992 The origins of agriculture. An international per-
 spective. Smithsonian Institution Press, Washing-
 ton, 224 p.
 CUSHING, E.J.
 1961 Size increase in pollen grains mounted in thin slides.
 Pollen et Spores, 3: 265-274.
 DOEBLEY, J.F., and ILTIS, H.H.
 1980 Taxonomy of Zea (Gramineae). I. A subgeneric
 classification with key to taxa. American Journal of
 Botany, 67: 982-993.
 FAEGRI, K., and IVERSEN, J.
 1975 Textbook of pollen analysis. Hafner Press, New
 York, 295 p.
 FEARN, M.L., and LIU, K.-B.
 1995 Maize pollen of 3500 B.P. from southern Alabama.
 American Antiquity, 60: 109-117.
 GALINAT, W.C.
 1961 Corn's evolution and its significance for breeding.
 Economic Botany, 15: 320-325.
 GRANT, C.A.
 1972 A scanning electron microscopy survey of some
 Maydeae pollen. Grana, 12: 177-184.
 ILTIS, H.H.
 1983 From teosinte to maize: The catastrophic sexual
 transmutation. Science, 222: 886-894.
This content downloaded from 130.39.191.114 on Fri, 31 Mar 2017 18:03:04 UTC
All use subject to http://about.jstor.org/terms
 A. Sluyter: Analysis of Maize Pollen 39
 ILTIS, H.H., and DOEBLEY, J.F.
 1980 Taxonomy of Zea (Gramineae). II. Subspecific cat-
 egories in the Zea mays complex and a generic
 synopsis. American Journal of Botany, 67: 994-
 1004.
 IRWIN, H., and BARGHOORN, E.S.
 1965 Identification of the pollen of maize, teosinte, and
 Tripsacum by phase contrast microscopy. Botani-
 cal Museum Leaflets, Harvard University, 21: 37-
 57.
 KAPP, R.O.
 1969 Pollen and spores. WM. C. Brown, Dubuque, 249 p.
 KURTZ, E.B., LIVERMAN, J.L., and TUCKER, H.
 1960 Some problems concerning fossil and modern corn
 pollen. Bulletin of the Torrey Botanical Club, 87: 85-
 94.
 LUDLOW-WIECHERS, B., ALVARADO, J.L., and ALIPHAT,
 M.
 1983 El polen de Zea (mafz y teosinte): Perspectivas para
 conocer el origen del maiz. Bidtica, 8: 235-258.
 MANGELSDORF, P.C., BARGHOORN, E.S., and BANERJEE,
 U.C.
 1978 Ancient pollen from deep cores in Mexico shows the
 ancestor of corn to be corn and not its relative,
 teosinte. Botanical Museum Leaflets, Harvard Uni-
 versity, 26: 237-255.
 MARTIN, P.S., and SCHOENWETTER, J.
 1960 Arizona's oldest cornfield. Science, 132: 33-34.
 PRAGLOWSKI, J.
 1966 On pollen size variations and the occurrence of
 Betula nana in different layers of a bog. Grana
 Palynologica, 6: 528-543.
 1970 The effects of pre-treatment and the embedding
 media on the shape of pollen grains. Review of
 Palaeobotany and Palynology, 10: 203-208.
 REITSMA, T.
 1969 Size modifications of recent pollen grains under
 different treatments. Review of Palaeobotany and
 Palynology, 9: 175-202.
 SLUYTER, A.
 1991 The nature and significance of fossil Zea ollen at
 Bat Cave, New Me ico. Report 386K/91, Palynol-
 ogy Laboratory, Depar ment of Geography, The
 University of Texas at Austin.
 1995 Changes in the landscape: Natives, Spaniards, and
 the ecological restructuration of central Veracruz,
 Mexico during the sixteenth century. Ph.D. disserta-
 tion, Department of Geography, The University of
 Texas at Austin. University Microfilms International,
 Ann Arbor, 748 pgs.
 STRAKA, H., and OHNGEMACH, D.
 1989 Late-Quaternary vegetation history of the Mexican
 highland. Plant Systematics and Evolution, 162:
 115-132.
 TSUKADA, M., and ROWLEY, J.R.
 1964 Identification of modem and fossil maize pollen.
 Grana Palynologica, 5: 406-412.
 WHITEHEAD, D.R.
 1961 A note on silicone oil as a mounting medium for
 fossil and modern pollen. Ecology, 42: 591.
 1965 Pollen morphology in the Juglandaceae, II: Survey
 of the Family. Journal of the Arnold Arboretum, 46:
 369-410.
 WHITEHEAD, D.R., and LANGHAM, E.J.
 1965 Measurement as a means of identifying fossil maize
 pollen. Bulletin of the Torrey Botanical Club, 92: 7-
 20.
 WHITEHEAD, D.R., and SHEEHAN, M.C.
 1971 Measurement as a means of identifying fossil maize
 pollen, II: The effect of slide thickness. Bulletin of
 the Torrey Botanical Club, 98: 268-271.
 WRENN, J.H.
 1996 Pseudorhombodinium lisbonense gen. et sp. nov., a
 new dinoflagellate fossil from the Lisbon Formation
 (Middle Eocene), Little Stave Creek, Alabama. Pa-
 lynology, 20: 209-219.
This content downloaded from 130.39.191.114 on Fri, 31 Mar 2017 18:03:04 UTC
All use subject to http://about.jstor.org/terms
